ABSTRACT
INTRODUCTION
In the recent years a computer system has been developed, which enables the complete design calculation of the different ship propulsor types, including their analysis in the wake velocity field behind the full scale ship hull. For this purpose the design and analysis blocks of the system are supplemented with the block for calculation of the wake scale effect and the influence of the propeller operation and presence of the rudder on the ship model wake.
The main design process is based on the modified lifting line model and on the model of vortex lifting surface theory. The analysis of the designed propeller operation in the nonuniform velocity field is based on the extensively modified program UNCA [2, 3, 4] .
The propeller design system enables solution of the following design problems:
calculation of the effective ship wake velocity field, including the scale effect at the propeller location correction of this field for the presence of the rudder (measurements of the wake in model scale are usually performed without the rudder) maximization of the propeller efficiency optimization of the propeller blade geometry, resulting from the compromise between the cavitation and strength requirements optimization of the number and geometry of the propeller blades on the basis of the acceptable level of the pressure pulses generated on the hull and of the unsteady bearing forces calculation of the blade spindle torque for the controllable pitch propellers.
The system is based on the conversational principle and it is equipped with an extensive set of graphical programs. It enables an easy control and correction of the input data and of the results of calculations of every block of the system. All data modifications are recorded and they may be used, if necessary, in any further design calculation.
The results of calculations may be presented in the form of printouts, graphical diagrams or films, showing the variation of the pressure distribution or cavitation phenomena on a rotating propeller.
The system includes three main program blocks: the program for determination of the design velocity field the program for propeller design, the program for analysis of propeller operation in the nonuniform inflow field.
The block diagram of the system is shown in Fig. 1 . The expected final effect of the propeller design process may be achieved only through proper interaction between these programs. The calculations may be controlled from the computer screen, without preparation of the special data sets for the respective blocks of the system. The special graphical procedures enable an easy control of the input data and of the intermediate results, including also correction of the propeller blade geometry directly from the computer screen at all stages of the design process. 
DESCRIPTION OF THE MAIN BLOCKS OF THE SYSTEM

The input data
The input data include all quantities necessary for the initiation of the four alternative versions of the calculations:
propeller design calculation without correction of the velocity field and without the analysis of the propeller operation in the non-uniform velocity field, propeller design calculation without correction of the velocity field, but including the analysis of the propeller operation in the non-uniform velocity field, propeller design calculation including the correction of the velocity field for the scale effect and the analysis of the propeller operation in the non-uniform velocity field, but without the correction for the presence of the rudder, propeller design calculation including corrections of the velocity field both for scale effect and rudder presence and including the analysis of the propeller operation in the non-uniform velocity field.
The input data may be introduced in the form of the preprepared input data file or they may be introduced directly from the computer screen in the conversational mode. The program is equipped with graphical procedures for control of the correctness and for modification of the input data.
The program block for calculation of the scale effect and of the rudder and propeller influence on the wake velocity field
In order to perform the calculation including the scale effect on the wake velocity field the appropriate data describing the hull geometry (typically the set of theoretical hull frames and outlines of the bow and stern) must be available. Alternatively, the earlier prepared data file containing the hull geometry defined as the set of panels may be used as input. The selection between these two options is made from the screen. In the first option the program for transformation of the hull geometry into the set of panels is used.
Calculation of the scale effect on the wake velocity field does not require a large number of panels describing the hull geometry. The practical experience shows that the sufficiently accurate results may be obtained using: 60 panels along the hull length 20 panels along the hull frame (at one side of the hull).
Such a number of panels may be accurately defined if the set of 16 theoretical frames is available, with more dense distribution in the bow and stern regions. Fig. 2 shows an example of the hull represented by the set of panels, viewed at a certain rotation angle. Such a presentation enables efficient control of the distribution of the panels, which should have the form of quadrangles possibly close to squares.
Fig. 2. The ship hull viewed at a rotation angle around the x axis
The correct representation of the hull as the set of panels allows further calculation using the PANSHIP program [9, 10, 11, 12] , in order to determine the scale effect on the hull wake velocity field at propeller location and to calculate the propeller design velocity field.
The hull represented by the set of panels may be supplemented with the rudder described by a separate set of panels. The rudder is usually not taken into account in calculations for model scale (if the model experiments have been performed without the rudder), but it is always included in the full scale calculations.
The determination of the design velocity field
Taking into account the scale effect on the velocity field at propeller location is a very important aspect of the propeller design process. The design procedure itself, which determines the propeller performance and blade geometry, requires only the radial distribution of the circumferential average of the axial component of the velocity field. However, the complete design process requires information about the entire velocity field (three components distribution over the propeller disc) in full scale, including the effect of propeller operation (the effective field) and the effect of the rudder presence. This may be achieved only using the computation procedure based on the "computer model basin". Such a procedure has been developed on the basis of the computer model basin PANSHIP [10, 12] .
Example of application of such a procedure is presented in Figs. 3 and 4 . Fig. 3 shows the results of measurements of the axial component of the velocity on the tanker model, while Fig. 4 shows the corresponding design velocity field calculated for the full scale ship. The influence of rudders of different thickness on the velocity field at propeller location is shown in Figs. 5 and 6 [6, 12] . The results presented in these figures show the meaningful scale effect and visible influence of the rudder presence on the velocity field at propeller location. The analysis of theses results leads to the conclusion that either model experiments should be conducted with the rudder or the appropriate corrections may be calculated using the computer model basin (e.g. PANSHIP). As the velocity field should be corrected both for the scale effect and for the rudder effect, these corrections may be integrated in one procedure, leading to the effective full scale velocity field. Only such a velocity field enables correct analysis of the propeller operation behind the ship hull. 
Fig. 5. Influence of the rudders of different thickness on the axial velocity component at the propeller location
Fig. 6. Influence of the rudders of different thickness on the radial distribution of the circumferential average of the axial component of velocity at propeller location
The design program block
The algorithm of the design program has been described in great detail in [1, 8] . The program based on this algorithm has been functioning over many years and it has been extensively verified.
The design calculations are performed in all cases, irrespective of the version selected in the Section 2. the appropriate criteria regarding e.g. cavitation phenomena or pressure pulses and unsteady bearing forces are fulfilled. The input data to the analysis program are introduced from the appropriate file (the velocity field -either given or computed in the system according to Section 2.3) and from the results of the design task performed in Section 2.4 (geometry of the propeller and some additional data). These input data may be controlled from the screen as the Summary of the Analysis Task Settings. An example of such a table is shown in Fig. 12 .
Fig. 12. Summary of the Analysis Task Settings
The newly designed propeller is analysed using the program UNCA from the following points of view:
presence of the different forms of cavitation in the selected angular propeller blade positions in the non-uniform velocity field values of the induced pressure pulses either on the ship hull or in the surrounding space, values of the unsteady bearing forces.
After the analysis of the results of these calculations the appropriate modifications to the designed propeller geometry may be introduced and the design calculations may be repeated. For example the following propeller geometry parameters may be changed: the values and the radial distribution of the blade skewback the values and the radial distribution of the blade profile chord lengths the values and the radial distribution of the blade profile maximum thickness the type of chord-wise profile thickness distribution the type of chord-wise profile mean line camber distribution the radial hydrodynamic loading (circulation) distribution the number of blades.
The analysis of propeller operation in the non-uniform field of flow may be performed for the design ship speed and propeller rate of rotation or for the off-design values of these parameters (without changing the blade geometry and the velocity field). This is very convenient when the propeller is designed for the compromise design condition, e.g. for a fishing vessel, a tug boat or a navy ship. For such ships more than one ship speed is important (e.g. towing speed, free running speed or maximum speed) and the designed propeller should ensure the optimum performance over the entire range of operating conditions. An example of the selected results of the calculations of the unsteady bearing forces and cavitation extent is presented in the following figures.
Apart from the static pictures of the calculated cavitation phenomena on the propeller (Figs. 17 and 18) , the program can generate a moving picture of the cavitating propeller. In this film the propeller performs full revolution, showing the dependence of the cavitation phenomena on the local details of the inflow velocity field. All numerical results of the program UNCA are included in the file Unca.OUT. 
FINAL REMARKS
The above presented system for the complete design of ship propellers enables an integral treatment of the hullpropeller-rudder system in the process of propeller design. The extensive graphical procedures for input data control and modification and for presentation of the results in the form of pictures and films are an important practical advantage of the system, facilitating its practical use by the designers.
The system has been developed with the support of the Research Grant No. 4T07C06630 of the Polish Ministry of Science and Higher Education, together with other design systems for three special ship propulsor types, namely: ducted propellers tandem co-rotating propellers tandem contra-rotating propellers.
Description of these systems will be the subject of separate publications in the future.
